Appendix 1. Instructor Resources

I.
Experimental Summary A. The exercise requires two, 150 minute lab sessions in consecutive weeks. The stock cultures of microalgae are initiated 2-3 weeks before the first lab session by transfer from commercial source cultures and grown in sterile Erlenmeyer flasks with vented closures.
First Laboratory Session
Two algal cultures, one with herbicide (treated, 150 mL) and one without herbicide (untreated, 150 mL) , are prepared from a stock culture of algae by each student pair. Each student group selects a different species of algae, and each group prepares the growth media appropriate to their organism. Students are introduced to manual cell counting with a hemocytometer and practice the technique on their two starting cultures (untreated and sulfosulfuron-treated). Students are introduced to the use of a standard curve in spectrophotometric analyses.
Second Laboratory Session
Students follow the detailed procedure provided in Scheme 1. Each culture is sampled three times for manual counting, and from each culture, three samples (1mL each) are prepared as crude cell extracts (CCEs). If optical density measurements are used in place of cell concentrations, the O.D. 650 is performed with three separate 100 µL samplings from the culture. A commercially available kit for BCAA detection and quantitation has been applied to this exercise for convenience (Scheme 2). However, other available protocols for the coupled enzymatic detection of BCAAs may be used. Each student pair prepares standard curve samples in a clear 96-well plate using a 1mM leucine solution. The reactions to detect BCAAs are initiated by the addition of leucine dehydrogenase and are incubated for 30 min in the dark. The absorbance is measured at 450 nm (A 450 ).
II. Experimental Details
A. Chemicals and Reagents All chemicals and reagents, including the BCAA detection kit, were obtained from Millipore Sigma (St. Louis, MO) except sulfosulfuron which was purchased from Amazon in a commercial formulation called Certainty®.
B. Sources of Microalgae, Algal Media, and Culture Methods Various worldwide sources of microalgal species are readily accessed online, for example, by using links to microalgae collections found at www.marine.csiro.au. The species used in these experiments (Table 1) are obtained from the University of Texas Culture Collection (UTEX) in Austin, Texas, USA. UTEX also provides prepared media for purchase or media recipes. Culture methods can be established using guidance from any online algal culture resource, for example, the Bigelow National Center for Marine Algae and Microbiota (NCMA). The NCMA website has a wealth of useful information about microalgae culture: https://ncma.bigelow.org/culturing-methods. To select species of algae that are likely to survive in numbers sufficient for BCAA analysis, choose species in the 'Algae Express' group (from UTEX) or species in the categories 'Robust' or 'Aquaculture Express' from NCMA.
C. Culture Protocols Used for the Current Experiments Culture Initiation. For slant cultures of microalgae, add 1-5 mL of the appropriate media (as suggested by the culture source), and gently resuspend as many algal cells from the surface of the agar as possible. Transfer the suspension to an additional portion of media (approximately 10 times the volume of the suspension) in a vented Erlenmeyer flask. For liquid cultures of microalgae, gently suspend the culture and transfer the suspension to 50 mL of appropriate media in a vented Erlenmeyer flask.
Culture Maintenance. Cultures are placed on an orbital shaker in front of three linkable, 24-Watt, fluorescent strip lights controlled by a plug timer for 16 hours on and 8 hours off. The shaker is set to the slowest speed capable of maintaining suspension. If an orbital shaker is not available, cultures can be swirled once each day to resuspend the cells. Algae growth may be monitored by direct counting or by optical density measurements. For the algae in Table 1 , a culture is maximally dense when its optical density (O.D. 600 ) is between 0.6 and 1.2. However, readings or counts should be performed daily to ensure that the culture is expanded or diluted while in log-phase growth. Culture expansions are performed with the appropriate media at a ratio of one part culture to 4 parts fresh media. The species in Table 1 each required 1-3 weeks growth before beginning the experiment, and each culture was expanded two to three times during this period. For each species, two 500 mL cultures in log-phase growth were used to initiate the lab exercise (i.e. one flask per student group and one back-up flask for emergencies). All culturing procedures are performed as aseptically as possible.
D. Materials and Reagents
The herbicide brand-named Certainty® is used as the source of sulfosulfuron (75% by weight) in its granular form and was purchased online through Amazon (Seattle, WA). The BCAA assay kit (MAK003) is obtained from Sigma Aldrich (St. Louis, MO) as are all other chemicals and reagents used in the experiment. Other materials listed were purchased from Thermo Fisher Scientific (Waltham, MA).
Materials List:
adjustable pipettors and pipet tips autoclave and autoclave tape sterile 250 mL Erlenmeyer flasks or growth flasks w/vented closures (2 per student group) orbital shaker(s) centrifuge tubes (at least 50 mL capacity)* 2ml eppendorf tubes (3-6 per student group) 0.5 mm zirconia-silicate beads (approximately 3 mL per student group) ice and ice bucket 96-well plates (1 per student group) 24-Watt fluorescent strip lights (3) algal species (1 per student group) algal growth media (500 mL per algal species as directed by culture source instructions) Certainty® solution (75% sulfosulfuron, 1.6 g in 16 mL N-,N-dimethylformamide (DMF)) BCAA assay kit (1 kit per 4 student groups) F. Hazards and Disposal Protective gloves and eyewear must be worn in the lab. The commercial herbicide formulation, Certainty, is an off-white granular solid which contains sulfosulfuron. This formulation is considered a moderate eye irritant and may also irritate the skin or be toxic if ingested. Sulfosulfuron is toxic to non-target plants and may be toxic to other organisms as a marine and freshwater pollutant. Other chemicals used in this exercise are potential eye and skin irritants. More detailed information on hazards and safe handling practices are available on Material Safety Data Sheets (MSDS). Most algal cultures are noninfectious but algae can pose an environmental contamination hazard in large numbers or when mixed with bacteria. Algal cultures would normally be mixed with one-tenth volume of chlorine bleach before terminal disposal. However, in this case, cultures exposed to sulfosulfuron must be disposed of in an appropriately labeled aqueous waste container after exposure to bleach to prevent water contamination. All other used chemicals, including reagents and prepared samples, must be collected into waste containers with appropriate chemical and biological waste labels.
Appendix 2. Student Instructions
HERBICIDAL MANIAC!
In this exercise, we will treat algae in culture with the herbicide, sulfosulfuron, with the trade name, Certainty®. It is one of the sulfonylureas and is known to inhibit the acetolactate synthase (ALS) enzyme in many plant species that are considered weeds. The ALS enzyme is the common enzyme in the biosynthesis of the branched chain amino acids, valine, leucine, and isoleucine, and ALS inhibition results in depletion of these amino acids and an inability to produce proteins that contain them. A number of freshwater and salttolerant algae express ALS and are sensitive to sulfonylurea herbicides. In this lab, we will assess the effect of sulfosulfuron on growth and branched chain amino acid synthesis in our selected algal species. Our conclusions will include whether each of our algal species appears to be sensitive to inhibition of the ALS enzyme by sulfosulfuron.
As with any scientific exploration, even a small one, more information is usually better. Thus, for each of the species of algae we will be using in this exercise, you should obtain information on its classification, phylogenetics, and physiological and anatomical details, such as pigmentation, mobility, and shape. A good place to start looking out information about algae is at the Algaebase: www.algaebase.org which is a marvelous online collection of information about algae.
In terms of techniques, this exercise will give you an opportunity to practice (1) manual cell counting with a hemocytometer, (2) preparing and properly using a standard curve, and (3) using the plate reader for absorbance measurements. This lab exercise is also introduction to a type of assay that detects an analyte indirectly using a coupled enzyme reaction. The assay to detect BCAAs uses and enzyme for which BCAAs are substrates: Leucine dehydrogenase (LeuDH). The LeuDH enzyme catalyzes the oxidative deamination of BCAAs to produce alpha-ketoacids and the reduced form of its cofactor, nicotinamide adenine dinucleotide (NAD). The reduced cofactor is then oxidized by the water-soluble tetrazolium dye, WST-1, giving a strong absorbance at 450 nm. This assay reaction mirrors many metabolic transactions we have seen in lecture, in which the activated carrier, NAD+, is reduced in one reaction to be oxidized in another, thus serving its function of carrying activated electrons and other active groups to many different types of reactions in an organism.
NOTES BEFORE STARTING:
Growing microalgae requires all the things that growing plants requires, but in liquid culture form. The media requirements for each of the species we will use in this exercise are listed below. Please be sure to use the growth media listed for the algae you select. Sterile technique is important when working with algae because bacteria can overgrow and damage your culture or your results can be altered unpredictably. Use only sterile pipet tips and growth flasks marked sterile or with "grilled" autoclave tape at the closure. α -k e t o i sova l era t e R = CH 2 CH ( CH 3)2 α -k e t o i soca p roa t e R = CH ( CH 3) CH 2 CH 3 α -k e t o -β -me thyl va l era t e Transfer 10µL of each finished culture to a grid area on your hemocytometer. Count the algal cells as instructed and repeat the count for each culture two more times for a total of three counts on each culture. Record cell counts, and place cultures on an orbital shaker until next week's lab.
CALCULATIONS YOU WILL NEED:
To calculate the BCAA concentration in the algal cells (i.e. the effective equilibrium concentrations of valine, leucine, and isoleucine in the cells still living after 7 days) complete the following for each CCE: 1. Divide the BCAA nanomoles in each CCE (determined using the standard curve) by the volume of the sample added to each well (0.05 mL) 2. Divide the BCAA nmol/mL from step 1 by the cells/mL number determined for the suspension from which the CCE was made (should be 2-8 x 10 6 cells/mL)
FOR DAY TWO OF THE LAB:
Determine the cell count for each culture, make crude cell extracts from each culture, and determine the BCAA concentration in each extract. Did we inhibit ALS in your species?
Appendix 3. Student Data Example
Representative student data showing (A) an example of a BCAA standard curve and (B) the combined student data on BCAA concentrations in treated versus untreated cultures of four species of microalgae treated with sulfosulfuron. The microalgae in these experiments are listed in Table 1 
